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A THIN 60° DELTA WING WITH AND WITHOUT

A DOUBLE SLOTTED FLAP

By John M. Riebe
SUMMARY

An investlgation wes made In the Lengley 300 MPH 7- by 10-foot
tunnel to determine the effects of fuselage size on the low-speed longi-
tudinal serodynamic characteristics of a thin delta wing with and without
a double slotted flep extending from the fuselages to 67 percent of the
Wing span. The wing was a flat plesbte wilith beveled leading and trailing
edges and had a meximum thickness ratio of 0.045 and 60° sweepback of
the leading edge. The fuselages which consisted of ogival noses attached
to circular cylinders had masximm diameters of 0.09%, 0.146, 0.219,
end 0.292 wing span.

The maximm 11ft coefflcilent was reduced from 1.40 to 1.01 for the’
flap-retracted condition end from 1.71 to 1.16 wlth the flap deflected
54° vhen the fuselage-diameter—wing-span ratio was increased from 0.094
to 0.292. The corresponding increase in fuselage-dismeter—ring-span
ratio resulted in a reduction of the 1ift coefficilent at 0° angle of
attack from 0.87 to 0.58 with the double slotted flap deflected 54°.

A slight reduction of lift-curve slope and a decrease 1n longitudinal
stabillity corresponding to a forwerd aerodynamic-center shift of T per-
cent meen aerodynsmic chord, fleps up, and 18 percent mean aerodynamic
chord, flaps deflected, occurred with the fuselage~dlameter—wing-span
ratio lncrease. Estimates of the veriation with fuselsge-dismeter—wing-
span ratio of the lift-curve slope and aerodynamic center for the f£flaps-
undeflected condltion and the increment of 1ift from double slotted
£lap deflection at o° angle of attack are in good agreement with the
experimental dats.
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INTRODUCTION

The feasibility of using double slotted flaps as a means of reducing
the high landing angle of attack and relatively high lending speeds of
alrplanes with thin delta-wing plan forms is currently being investigated
by the NWetional Advisory Commitiee for Aeronsutics. References 1 and 2
heve Indicated that a double slotted flap on s delta-wlng alrplane should
result in considerable reduction in the angle of attack necessary to obtaln
a glven 1ift coefflcient and produce some Increase 1n meximm 11ft coeffi-
clent; however, these investligations have been made wlth & small fuselage
that was used primarily to house a strain-gage balsnce. The present
report gives the resulis of an investigaetion to determine the aserodynamic
characterlstics of one of the optimum double~slotted-flap configurations
of reference 2 with larger fuselages (fuselage-diameter—wing-span ratios
ranged from 0.09% to 0.292). Alsc included are the effects of fuselage-
diameter—wing-span ratio on the delta-wing characteristics with flaps
retracted. Theoretlical estimates of the variatlon of some of the aerody-
nemic characteristics with fuselage-diameter-wing-span ratlo are compeared
with the experimental data. ,

COEFFICIENTS AND SYMEOIS

The results of the tests are presented as standard NACA coefficlents
of forces and moments about the stablllty sxes. The poslitive directions
of forces asnd moments are shown In figure 1. Pitching-moment coefficlents
are glven sbout the wing Z5-percent-mean-aerodynamic-chord point shown
In figure 2. The coefficlents and symbols are defined as follows:

CL 1ift coefficient, L/qS

¢p drag coefficient, D/qS

Cm pitching-moment coefficient, M/qSE
L 1ift, 1b

D drag, 1b

M pitching moment, ft-1b

free~stream dynamic pressure, %pvz, Ib/sq ft

m

wing area, 6.93 sq ft

ot

b/2
wing mesn aserodynamlc chord, Z.31 ft, &\/h czdy
o

8
SN
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b wing span, 4.00 £t

v free-stream velocity, £t/sec

a fuselage diameter at wing upper-surface lip

o angle of attack of wing, deg

c local wing chord, ft

¥ lateral distance from plene of syrmetry

5p flap deflectlon mea.sﬁeé. in a plene perpendicular to hinge
line, deg

Subscripts:

w wing alone

Cra -

max meximm

MODEL AND APPARATUS

.

The model was tested in the Langley 300 MPH 7- by 10-foot tunnel
by utilizing a sting-support system (fig. 3) and an electrical strain-
gage balance.

The basic wing, which was the same as that of references 1 and 2,
hed a 60° spex sngle, a taper ratio of O, an aspect ratio of 2.31, and
a hexagonal airfoil section with thickness ratioc varying from 1.5 percent
chord et the root to 4.5 percent chord st 0.67b/2 (15.98 inches from root).
The geometric charscteristics of the various fuselsges that were tested
on ‘the model with flaps up and down are given in figure 2(a) and table I.
The fuselages were constructed of wood noses attached to sheet aluminum
cylinders. The double-slotted-flap arrangement tested (fig. 4) was one
of the optimum configurations with regard to 1ift effectiveness at both
low and high sngles of attack determined in reference 2. The inboard
end of the £laps fitted flush against the various fuselsges with the
exception of the fuselsge with the smzllest diameter. This f£itting was
accomplished by extending the originasl span flap into the fuselsage
cylinders through slots and fairing the slot gaps with masking tape.
Further detalls of wing and flap constructlon are presented in reference 2.

S—
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TESTS

The tests were made in the Langley 300 MPH T7- by 10-foot tunnel at
& dynamic pressure of approximately 25.0 pounds per square foot corre-
sponding to an alrspeed of about 100 miles an hour. Reynolds nmumber for
this alrspeed, based on the wing mesn serodynsmic chord (2.31 £t) was

approximately 2.1 x 106. The corresponding Mach mmber was 0.13.
CORRECTIONS

The approxlmate Jet-boundary correctlons applled to the data were
obtained from methods outlined in reference 3. A correction has been
applied to the angle of attack to account for the deflectlon of the support
strut under lced. Blockling corrections have been applied to the model
with the various fuselages according to the methods of reference 4.
Buoyancy corrections have been applied to the model with the varlous
fuselages to sccount for a longitudinal statlc-pressure gradient in the
tunnel. :

RESULTS AND DISCUSSION

The 1ift, dreg, and pitching-moment cheracteristice of the delts
wing with the various fuselages are given in figures 5 and 6 for the
conditions with double slotted fleps at deflections of 0° and 54°,
respectively. The serodynamic characteristics, as determined from an
unpublished investigation, for three fuselages alone, almost identical
to the fuselages of the models of the present investigation (see table I),
are presented in figure 7; the coefficients are based on the geometry of
the plaln wing. The wing-fuselage 1ift coefflcient and lift-curve slope
as a function of fuselage-dlameter—wing-spesn ratio are given in figures 8
and 9, respectively. The wvarilation with fuselage-dlameter—wing-spen ratio
of the aerodynamic-center position of the fuselage alone and wing-fuselage
combinatlion 1s presented in figure 10.

¥Flaps Retracted

Increasing the fuselasge-dlesmeter—wing-span retio with flaps at o°
resulted in only small change of 1ift coefficlent at low angles of attack,
large reductions in maximum 1ift coefficient (defined as first 1ift
coefficlent where the slope of the 1lift curve became zero)}, and some
reductions in the angle of attack at which maximum 11ift occurred (figs. 5
and 8). Increasing fuselage diameter from about 9 percent of the span

.



NACA RM L52129e - 5

to 29 percent of the span reduced Cg from sbout 1.40 to gbout 1.01.

The angle of attack at which Cr,.,, occurred decreased from 35° for the
small fuselsge configuration to sbout 270 for the large fuselage config-
uration (fig. 5). As the Puselsge size increased the 1lift curve near
meximm 1ift for the delta wing became flatter. The "flat top” 1lift

curve of the large-fuselsge-dlameter configuration was typical of other
models having large fuselages and low-aspect-ratio wings and resulted from
the 1ift load on the fuselage contlnuing to increase at angles of attack
beyond thet at which the wing stalled. As would be expected, lncressed
d./'b also resulted in sn Increase of drag coefflcient st & given 1ift
coefficient, (fig. 5).

Increasing the size of the fuselage with respeet to the wing resulted
in a loss in Cr, witk the flaps retracted (fig. 9). The veriation
of CIG,/CI@W with dfb agrees very well wlth the theoretical variation
of reference 5. The value of CICﬁw in the ratio ch, /CIcnw was obtained
by extrapolating the experimental CIu, data to zero d/b. The theory of

reference 5 applies mainly to narrow trisngular wings and does not predict
eccurately the ebsoclute values of C]-_,(._,,w for the wing of the present tests.

Comparilson between theory and experiment was therefore made in terms of
the ratio Cr, /cI . The varistion of Cr, for the fuselage alone is

satisfactorily predicted by the theory of reference 5 (fig. 9).

In order to show the breakdown of total 1ift of the wing-body com~
bination the component parts and Interferences were estimsted for the -
wing-fuselsge combination of % = 0.292 by a method somevhat similar to
that of reference 6. The breakdown of CIu, and references 6 to 12 used
in estimating the 1ift of the component parts is as follows:

Theory
Component geoiert;:co:y o Percent Experimental
total
Fuselage alone 9 end 12 0.0052 1.1 0.0047
Wing upwash on fuselage 9 and 12 0.0008 1.7 | cmeemm
Wing alone ‘outboard of fuselsge 8 0.0258 55.0 e
T thonnt of Puselage. 6 18 | o.omr 10.0 —
Wing losd carried over fuselsge 6 and 11 0.010k 22.2 ———
Total 0.0469 100 .0430
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The result of this breskdown (Cla = o.oh69) compares favorsbly with the
method of reference 5 (clm = 0.0kt when the ratio Cp, [ry,, is miltiplied

by the experimental velue of Cy ) end with the experimental wvalue

(cht. - o.ou3o) .

The longltudinel stebhllity of the wing-fuse e combination, fleps
retracted, was reduced with increased velues of d/b (figs. 5 and 10).

The aerodynamlic center shifted forward from 0.36C for % = 0.09 to 0.29¢
for %== 0.292. This change of aerodynamic center with d/b is in very

good agreement with the change estimsled by the method of reference 5.

If the results of reference 5 are modifled by using the aerodynemic center
of the wing alone predicted by reference 8, the agreement in sbsolute
value with experimental date 1s very good (fig. 10). This modification
can be shown in the followlng equation from reference 5. The first

term GmeCLw vhich 1s the serodynamic center for the wing alone was

replaced by the value of the aerodynemic center determined from reference 8.

-
6

oo [ 2 - B

e

The term By, is the mean cross-sectional area of fuselage ahead of wing
apex (volume/length) end 1 1s the length of fuselage ashead of wing
apex. The second term of the equation represents the modlfying effect
of the fuselage on the wing characteristics.

The variation of serodynsmic center for the fuselage alone (fig. 10)
agrees with the trend predicted by reference 5 but does not show agreement
in absolute value.

Flaps Deflected

Considerable reductlion in maximum 11ft coefficient and in increment
of 1ift coefficient at o« = 0° occurred with increased d/b ratio for
the condition with double slotted flap deflected 54° (fig. 8). The
meximum 1ift coefflcient was reduced from 1.71 for a d/b ratio of 0.09
to 1.16 for a d/b ratio of 0.29. The reduction in 1ift increment at
0° angle of attack was gbout half that of the maximum 1ift coefficient
reduction for the same incresse in d/b ratio (C; at 0° reduced from
0.87 at d/p of 0.09 to 0.58 at a d/b of 0.29). An estimated variation
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of the lift-coefficlent increment ot an angle of attack of 0° for the
double-sglotted-flap-deflected configuration is shown by the dashed line
of figure 8. This veriation waes obtained by the use of reference T which
presents 1ift effectiveness for flaps of various spans. The experimental

value of flgp 1ift increment for the % = 0.09 conflguration was used as

the basls in estimmsting the loss of 1lift Increment with reduced flap span
resulting from increased fuselage dismeter.

The 1lift cyurves for the flsp-deflected condition were generally
nonlinear and the loss of Cr, with d/b was larger than that for the

flap-retracted condition (figs. 5 and 6). As would be expected and
similar to the condition with flaps undeflected, increased d/b resulted
in higher drag at & given 1ift coefficilent.

The changes Iin longitudinal stability with fuselsge-diameter—aring-
span retio increase were larger with fleps deflected than with the flap
retracted. The serodynamic center shifted from a position sbout 0.49E
for the 0.09d/'b fuselsge-dlameter—wing-span ratio configuration to about
0.31c for the configuration with d/b of 0.29; this serodynsmic-center

shift was almost 2-%'— times that for the condition with flaps retracted

(fig. 10). The large diving-moment increment with deflection of the
double slotted flaps (figs. 5 and 6) is typical of that found in two-
dimensional investigstion of double slotted flaps on thicker wing sec-
tions (ref. 13). As would be expected, reducing the extent of the flap
span by increasing the d/b ratio resulted in g smsller dlving-moment
increment at constant angle of attack (figs. 5 and 6) and smaller shift
of the serodynsmic center (fig. 10).

CONCLUSIONS

The results of a low=-speed wind-tunnel investigation to determine
the effects of fuselage-diameter-wing-~span ratio on the 1ift and longie
tudinsel stebility cherecteristics of a thin 60° delte wing with and
without a double slotted Fflap extending from the fuselages to 67 percent
of the wing span indlcated the following conclusions:

1. The maximm 11ft coefficient was reduced from 1.40 to 1.01 for the
flap-retracted conditlons and from 1.71 to 1.16 for the flap deflected
54C when the fuselsge-dismeter—wing-span ratio was increased from 0.09
to 0.29.

2. The increment of 1ift from double=slotted-flep deflection at
0C angle of attack was reduced from 0.87 for a fuselage-diameter—wing-
span ratio of 0.09 to 0.58 for a fuselage-dismeter—wing-span ratio of 0.29.
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3. Increased fuselage-diameter—wing-span ratio resulted in only a
slight reduction in lift-curve slope wilith flaps undeflected.

k., Increased fuselage-dismeter-wing-span retio from 0.09 to 0.29
resulted in a decrease 1in longitudinal stabllity corresponding to a
forward shift of T peréent mean serocdynamic chord, fleps up, and
18 percent mean aerodynamic chord, flaps deflected.

5. Estimates of the variation wilth fuselsge-dlasmeter—wing-span ratio
of the lift-curve slope for flaps undeflected and the increment of 1ift
from double-slotted-flap deflection st sn angle of attack of 0° are in
good agreement with the experimental data.

Langley Aeronauticel Leborstory,
National Advisory Commitiee for Aeronsutics,
Langley Fleld, Va.
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PHYSICAL CHARACTERISTICS OF THE VARTOUS FUSELAGES TESTED ON THE DELTA WING

TABIE I

8g in.
0.094 4.5 15.92 35.60 T.91
46 7.0 36,48 52.07 7.1;.1; 1837 k9,00 | 1718 7.00
.219 10.5 86.60 57.32 5.46 4397 52.50 | 3977 5.00
292 .0 153 .94 62.57 I 8290 63.00 | 8356 4.50
A

BCheracteristics of fuselages tested without wing.
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Figure 1.- -System of stability axes. Positive values of forces, moments,
and angles are indicated by arrows.
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Straight line

10.5 in.diam. Y =213
Strain-gage housing _

7 in. diam. %, =.146

(a) Fuselages.

Figure 2.- General arrangemen£ of the fuselages and the thin delta wing.
Al]l dimensions are in inches.
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Figure 2.- Concluded.
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Figure 3.- The 60° delta-wing model mounted in the ' 5
Langley 300 MPH T- by 10-foot tumel.
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Figure L.~ The double-slotted flap configuration tested on the thin
delta wing. All dimensions are in inches.
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Flgure 5.- Longltudinal serodynamic characteristics of the thin 60° delta
. wing with fuseleges of various dismeters. &p = 0O°.
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Figure 6.- Longitudinel serodynamic cheracteristics of the thin 60° delta -
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Figure T.- Longitudinal aerodynemic charscteristice of the various fuselages
alone. (Coefficients are based on the delta-wing geometry.)
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Figure 8.- Effect of fuselage-diameter—wing-span ratio on meximm 1ift
coefficient and 1ift coefficient at 0O° angle of attack. Bp = o°

and B®p = 54°.
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Figure 9.- Effect of fuselage-dismeter—wing-span ratioc on CLm of the
thin 60° delta wing. &g = 0°.
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Figure 10.- Veriation with fuselage-dlemeter—wing-span retio of the
serodynamlc-center position of the fuselage alone and wing-fuselage
combinstion. - : e o '
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